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Abstract:Using previous results and general thermodynamical formal-
ism,an expression is obtained for the specific heat per particle under constant
volume of a degenerate non-relativistic electron gas on a 1D lattice.The result
is a non-linear function of the temperature,and it could have applications in
studies of quasi one-dimensional organic metals.
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Introduction
The purpose of this paper is to determine the equation of state and spe-
cific heat of the electron gas on a one dimensional lattice.In experiments,the
electronic specific heat is determined indirectly, only after somehow esti-
mating and substracting the phonon heat capacity from the measured heat
capacity of the specimen.On the purely theoretical side,the electronic spe-
cific heat is directly related to the exact single particle Green’s functions
[1a].The calculations,to be reported in the following section,are motivated by
recent theoretical and experimental results on transport processes in quasi
one-dimensional (Q1D) organic metals [1],[2]. A preliminary version of the
calculation has already been published [3].
Q1D organic metals,later named the Bechgaard salts,were discovered in
1980 [4],[5].It was experimentally shown soon afterwards that their transport
properties are widely different from those of ordinary metals ( for example
[6] and references given there).For a general review of the field of organic
conductors see [7].
The calculations
It will be assumed in the calculations that the number of particles N in
the system is a variable.The starting point is a well known thermodynamical
relation [8]
dG = −SdT + V dP + µdN (1)
where G = µN and all the symbols have their standard meanings. In-
serting the definition of G into eq.(1), it follows that
− SdT + V dP + µdN = µdN +Ndµ (2)
Differentiating eq.(2) with respect to T gives
V (1 +
1
V
∂V
∂T
)
∂P
∂T
= S +
∂S
∂T
+
∂N
∂T
∂µ
∂T
+N
∂µ
∂T
(3)
In the last equation we have used dP = ∂P
∂T
dT and similar relations for
other variables in eq.(2) .
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Equation (3) is expressed in terms of the parameters of the system in
bulk.Changing the variables to the number density n (N = nV ) and the
entropy per particle s ( S = nsV ) after some algebra one arrives at
V (1+
1
V
∂V
∂T
)
∂P
∂T
= ns(V+
∂V
∂T
)+V
∂n
∂T
(s+
∂µ
∂T
)+nV
∂
∂T
(s+µ)+n
∂µ
∂T
∂V
∂T
(4)
We have thus obtained the EOS of any material in differential form.In
applications to Q1D organic metals,it can be considerably simplified. Exper-
iments on these materials are usually performed under constant volume [7].
This implies that all terms in eq.(4) containing derivatives of the volume can
be disregarded.Accordingly,the final form of the EOS of Q1D organic metals
is
∂P
∂T
= (n +
∂n
∂T
)(s+
∂µ
∂T
) + n
∂s
∂T
(5)
The specific heat per particle is given by [8]
cV =
T
n
(
∂2P
∂T 2
)V − T (
∂2µ
∂T 2
)V (6)
Differentiating eq.(5),and inserting the result into eq.(6),gives the follow-
ing final expression for the specific heat per particle
cV =
T
n
(s+
∂µ
∂T
)(
∂n
∂T
+
∂2n
∂T 2
) +
T
n
∂n
∂T
(2
∂s
∂T
+
∂2µ
∂T 2
) + T (
∂s
∂T
+
∂2s
∂T 2
) (7)
Discussion
Equation (7) is considerably more complex than the preliminary result
already published in [3].This difference is due several simplifying assump-
tions made in [3],which were dropped in the present paper.Basically,it was
assumed there that the entropy per particle is temperature independent,that
the total number of particles in the system is a constant,and the term ∂n
∂T
∂µ
∂T
was neglected.
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The aim of the calculation reported here was to obtain an expression for
the differential form of the EOS and the specific heat ,but without all these
simplifications.The result for the EOS is given by eq.(4).It was derived using
general thermodynamical arguments,and accordingly can be applied to any
material.In the special case of Q1D organic metals,one can introduce the
constant volume condition into eq.(4) and thus obtain eqs.(5) and (7).
In application to the degenerate electron gas on a 1D lattice,one has to in-
troduce into eq.(7) appropriate expressions for the chemical potential,number
density and entropy per particle.It has recently been shown that the chemical
potential of the electron gas on a 1D lattice is given by [9]
µ =
(βt)6(af − 1) |t|
1.1029 + .1694(βt)2 + .0654(βt)4
(8)
where a denotes the lattice constant,t the hopping, f the band filling and
β the inverse temperature.The influence of the lattice is contained in this
expression through the presence of the lattice constant a.
The entropy per electron and the number density should also be expressed
so as to take into account the existence of the lattice.Work on this problem
is currently in progress,but as a first approximation one could use existing
results for the degenerate electron gas [10],[13] .The entropy per electron is
given by
s =
Q
ne
∂
∂T
F3/2(βµ) (9)
where F3/2(βµ) is a special case of a Fermi-Dirac integral [10], ne denotes
the electronic number density,and Q is a combination of known constants (
such as the electron mass and Planck’s constant).The number density of a
degenerate electron gas at low teemperature can be expressed in analytical
form as [10]
ne ∼= AT
15/2[1 +BT 3/2 + ....] (10)
A,B again denote combinations of known constants.Inserting expressions
(8) - (10) in eq.(7) one would get the final result for the specific heat of the
electron gas on a 1D lattice.
4
How can eq.(7) be applied in the analysis of experimental data on Q1D
organic metals? It can be used in analyzing data on the specific heat and
thermal conductivity of these materials,such as those discussed in [1].
The specific heat of a solid can be decomposed into phonon and elec-
tronic parts.Their relative contributions to the ”summary” specific heat of
the specimen are functions of the parameters of the system.The most im-
portant of them are the temperature and the density.Expression (8) for the
chemical potential was derived assuming that the Fermi liquid picture can
be used for describing electrons in Q1D organic metals.This assumption is
at present a subject of active discussion ( see,for example,[11],[12] ) .Holding
to this assumption,it then follows that eq.(7) can be applied to determining
the phonon part of the specific heat from the experimental data. On the
other hand,starting from the measured values of the specific heat,and the
somehow theoretically estimated phonon contribution,one could obtain the
electronic part. Comparing this function with the predictions of eq.(7),one
could test the applicability of the Fermi liquid picture to electrons in Q1D
organic metals.
The reasoning behind applications of eq.(7) to studies of the thermal
conductivity of Q1D organic metals is essentially the same.It can be shown
from elementary considerations [14] that the thermal conductivity is pro-
portional to the specific heat.Taking eq.(7) in account,this implies that the
thermal conductivity of Q1D organic metals is a nonlinear function of the
temperature,in line with recent experiments [1].Again,this could be used to
test theoretical models of the organic metals.Work aiming at details of this
comparison is currently in preparation.
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